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OHYHOV>@$FFRUGLQJWRWKHODWHVWIRUHFDVWVWKH(8(XURSHDQ8QLRQLVRQWUDFNZLWKLWVDFWLYLWLHVUHODWHGWR
WKHGHFUHDVHRI&2HPLVVLRQVDQGLQFUHDVHRIWKHVKDUHRI5(6EXWIXUWKHUDFWLRQVDUHQHFHVVDU\LIWKHJRDOVRI
WKHLQFUHDVHRIHQHUJ\HIILFLHQF\DUHWREHPHW>@DVZHOODVWKHJRDOVRIWKHUHGXFWLRQRI&2HPLVVLRQE\±
DQGDQLQFUHDVHRIWKHVKDUHRIORZFDUERQWHFKQRORJLHVWRDOPRVWE\7KHHQHUJ\VHFWRULVDNH\
FRPSRQHQWLQDFKLHYLQJVDLGJRDOVVLQFHLWLVUHVSRQVLEOHIRURIWKH(8¶VJUHHQKRXVHJDVHPLVVLRQV>@
7KHXWLOL]DWLRQRIKLJKO\HIILFLHQW&+3FRPELQHGKHDWDQGSRZHUXQLWVZLWK'+&GLVWULFWKHDWLQJDQGFRROLQJ
V\VWHPVWKDWPD[LPL]HWKHXWLOL]DWLRQRIZDVWHKHDWDQGORFDOO\DYDLODEOH5(6OLNHVRODUUHQHZDEOHELRPDVVELRJDV
JHRWKHUPDODQGVRRQFDQJUHDWO\LQFUHDVHHQHUJ\HIILFLHQF\DQGUHGXFHW&2HPLVVLRQVRIWKHHQHUJ\VHFWRU7KH
XWLOL]DWLRQRISRZHUWRKHDWWHFKQRORJLHVOLNHKHDWSXPSVLQFRQMXQFWLRQZLWKKHDWVWRUDJHFDQDOVRKHOSWRLQFUHDVH
WKHSRWHQWLDOIRUWKHXWLOL]DWLRQRILQWHUPLWWHQW5(6OLNHZLQGDQG39DQGDFKLHYLQJDSRVLWLYHV\QHUJ\EHWZHHQWKH
KHDWDQGSRZHUVHFWRU
7KHWHUP³)RXUWKJHQHUDWLRQGLVWULFWKHDWLQJV\VWHPV´KDVEHHQFRLQHGIRU'+GLVWULFWKHDWLQJV\VWHPVFDSDEOH
RIWDFNOLQJWKHLVVXHVPRGHUQHQHUJ\V\VWHPVZLOOIDFHDQGDUHFXUUHQWO\IDFLQJ$FFRUGLQJWR>@IXWXUH'+V\VWHPV
ZLOO KDYH WREH DEOH WR IXOILO VHYHUDO UROHV LQRUGHU WR DFKLHYH WKLV7KH\ZLOO KDYH WREH DEOH WR VXSSO\ H[LVWLQJ
UHQRYDWHGDQGQHZEXLOGLQJVZLWKORZWHPSHUDWXUHKHDWLQJPLQLPL]HHQHUJ\ORVVHVLQWKHGLVWULEXWLRQV\VWHPXVH
ORZWHPSHUDWXUHZDVWHKHDWDQGLQWHJUDWH5(6DVZHOODVEHLQJDQLQWHJUDOSDUWRIVPDUWHQHUJ\V\VWHPVOLQNLQJWKH
SRZHUDQGKHDWVHFWRUV3DSHUVVXFKDV>@KDYHDOUHDG\VKRZQWKDWHQHUJ\V\VWHPVVXFKDV WKH'DQLVKRQHFRXOG
LQWHJUDWHXSZDUGVRI'+SHQHWUDWLRQDQGKDYHKLJKOLJKWHGLWVLPSDFWRQWKHRYHUDOOHQHUJ\V\VWHPLIODUJHVFDOH
KHDWSXPSVDQGKHDWVWRUDJHZRXOGEHLQWHJUDWHGLQWRLW7KHDQDO\VLVLQWKLVZRUNZDVPRVWO\EDVHGDURXQGWKHFRVW
RIWKHV\VWHPDVDZKROH6LPLODUDQDO\VHVKDYHEHHQFRQGXFWHGIRURWKHUFRXQWULHVVXFKDV&KLQD>@6ZHGHQ>@
8.>@,WDO\>@DQG)UDQFH>@DPRQJRWKHUV2WKHUUHVHDUFKKDVDOVRGHPRQVWUDWHGWKHSRVLWLYHLPSDFWRIHQHUJ\
HIILFLHQF\PHDVXUHVUHODWHGWR'+VXFKDVWKHUHGXFWLRQRIWKHVXSSO\WHPSHUDWXUH>@XWLOL]DWLRQRIVPDUWJULGV>@
UHQHZDEOHV>@DQGK\EULGV\VWHPV>@IRUH[DPSOH
7KHJRDORIWKLVZRUNLVWRGHPRQVWUDWHDKHDWGHPDQGPDSSLQJPHWKRGRORJ\DQGSUHVHQWWKHLPSDFWD'+WKDW
XWLOL]HVSRZHUWRKHDWFDQKDYHRQWKHSRWHQWLDOIRUWKHSHQHWUDWLRQRILQWHUPLWWHQW5(67KHFLW\RI2VLMHNLQ&URDWLD
KDVEHHQVHOHFWHGDVDFDVHVWXG\IRUWKLVZRUN
0HWKRGVXVHG
,QWKLVFKDSWHUWKHDSSURDFKXVHGERWKIRUWKHKHDWGHPDQGPDSSLQJDQGWKHHQHUJ\SODQQLQJLVSUHVHQWHG
2.1. Heat demand mapping 
7KHKHDWGHPDQGPDSSLQJPHWKRGKDVEHHQSULPDULO\IRFXVHGRQWKHXWLOL]DWLRQRISXEOLFDOO\DYDLODEOHGDWD WR
HQVXUHWKHSRVVLELOLW\WKDWWKHVDPHSULQFLSOHFDQEHXVHGRQRWKHUFLWLHVUHJLRQV7KHPDSSLQJSURFHVVLWVHOILVKDQGOHG
LQVWHSV
x 0DSSLQJRIWKHORFDWLRQVDQGVXUIDFHDUHDVRIEXLOGLQJV
x ,GHQWLILFDWLRQRIWKHQXPEHURIIORRUV
x ,GHQWLILFDWLRQRIWKHW\SHVRIEXLOGLQJV
%DVHG RQ WKH WKUHH OD\HUV RI LQIRUPDWLRQ D KHDWPDS FDQ EH LQLWLDOO\ GHYHORSHG EDVHG RQ WKH KHDWHG VXUIDFH
GHWHUPLQHGE\WKHDUHDDQGQXPEHURIIORRUVSHUVTXDUHDUHDRIVSDFHDQGWKHVSHFLILFHQHUJ\FRQVXPSWLRQRIWKH
LGHQWLILHGEXLOGLQJW\SHV7KHUHVXOWVRIWKHPDSSLQJSURFHVVDQGWKHWLPHLQWHQVLW\RILWVLPSOHPHQWDWLRQZLOOKLJKO\
GHSHQGRQWKHDYDLODEOHGDWD7KHREWDLQHGUHVXOWVFDQEHIXUWKHUFRPSOLPHQWHGZLWKWKHDGGLWLRQRIVHYHUDOOD\HUVRI
LQIRUPDWLRQIRUH[DPSOHSRSXODWLRQGHQVLW\HQHUJ\FHUWLILFDWHVDQGRWKHUV
 
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2.2. EnergyPLAN 
7KHHQHUJ\V\VWHPRIWKHFLW\RI2VLMHNKDVEHHQUHFUHDWHGXVLQJWKH(QHUJ\3/$1>@DGYDQFHGHQHUJ\V\VWHP
DQDO\VHVWRROIRUWKHSXUSRVHRIWKLVSDSHU(QHUJ\3/$1LVDGHWHUPLQLVWLFLQSXWRXWSXWFRPSXWHUPRGHOOLQJWRROWKDW
FUHDWHVDQDQQXDODQDO\VLVRIDQHQHUJ\V\VWHPZLWKDWLPHVWHSRIRQHKRXU7KHUHTXLUHGLQSXWVLQFOXGHWKHWRWDO
GHPDQGDQGGHPDQGFXUYHVIRUHOHFWULFLW\LQVWDOOHGFDSDFLWLHVDQGHIILFLHQFLHVRIGLIIHUHQWW\SHVRIHQHUJ\SURGXFHUV
DQGHQHUJ\VWRUDJH WHFKQRORJLHV IXHOPL[KRXUO\GLVWULEXWLRQRIHQHUJ\SURGXFWLRQIURPLQWHUPLWWHQWVRXUFHV OLNH
ZLQGDQGVRODUHQHUJ\GHPDQGVIRUWKHGLIIHUHQWVHFWRUVDQGGLIIHUHQWUHJXODWLRQVWUDWHJLHV7KHUHVXOWVRURXWSXWVRI
WKHPRGHOLQFOXGHHQHUJ\EDODQFHVDQQXDODQGKRXUO\SURGXFWLRQVRIHQHUJ\DQG&((3FULWLFDODFFHVVRIHOHFWULFLW\
SURGXFWLRQIXHOFRQVXPSWLRQVWRWDOFRVWRIWKHV\VWHP&2HPLVVLRQVDQGPRUH
6LQFHLWLVDGHWHUPLQLVWLFPRGHOWKHPRGHOXVHGIRUWKHVWXG\ZLOODOZD\VJLYHWKHVDPHUHVXOWVIRUWKHVDPHVHWRI
LQSXWSDUDPHWHUV,QRUGHUWRVSHHGXSWKHFDOFXODWLRQSURFHVV(QHUJ\3/$1XVHVDQDO\WLFDOSURJUDPLQJLQVWHDGRI
LWHUDWLRQVDQGDJJUHJDWHGGDWDLQSXWVIRUGLIIHUHQWXQLWVLQWKHVDPHVHFWRU,WRSWLPL]HVWKHRSHUDWLRQRIWKHV\VWHP
QRWWKHLQYHVWPHQWVRUHPLVVLRQVEXWLWGRHVRIIHUWKHSRVVLELOLW\WRXWLOL]HGLIIHUHQWUHJXODWLRQVWUDWHJLHVWREHH[DFW
IRXU WHFKQLFDORSWLPL]DWLRQVWUDWHJLHVDQG WKUHHPDUNHWHFRQRPLFRSWLPL]DWLRQVWUDWHJLHV7KH WHFKQLFDO UHJXODWLRQ
VWUDWHJ\±%DODQFLQJERWKKHDWGHPDQGDQGHOHFWULFLW\GHPDQGV KDVEHHQXVHG WRFUHDWH WKHEDVHPRGHODQG WKH
VFHQDULRVIRUWKLVSDSHU)LJXUHSUHVHQWVDVFKHPDWLFGLDJUDPRI(QHUJ\3/$1
 

)LJ(QHUJ\3/$1PRGHO
(QHUJ\3/$1LVVSHFLDOL]HGLQWKHODUJHVFDOHLQWHJUDWLRQRI5(6LQHQHUJ\V\VWHPV>@DQDO\VLVRIWKHLPSDFW
RIWKHWUDQVSRUWVHFWRUHVSHFLDOO\HOHFWULFYHKLFOHVRQWKHHQHUJ\V\VWHP>@DQG>@WKHRSWLPDOFRPELQDWLRQRI
5(6>@DQGWKHLPSOHPHQWDWLRQRI&+3XQLWVLQHQHUJ\V\VWHPV>@,WKDVDOUHDG\EHHQXVHGWRUHFUHDWHPDQ\
GLIIHUHQWHQHUJ\V\VWHPVDQGGHYLVHQXPHURXVHQHUJ\VFHQDULRV)RUH[DPSOHDXWKRUVRI>@DQG>@XVHGWKHPRGHO
WRVLPXODWHGLIIHUHQWVFHQDULRVIRUWKH0DFHGRQLDQHQHUJ\V\VWHP,Q>@DQG>@(QHUJ\3/$1KDVEHHQXVHGWR
PRGHOWKH'DQLVKHQHUJ\V\VWHPDQGWRDQDO\]HWKHSRWHQWLDOIRUWKHLQWHJUDWLRQRI5(67KHDXWKRUVRI>@XVHGERWK
WKH(QHUJ\3/$1DQGWKH+5(6>@PRGHOVWRUHFUHDWHWKH&URDWLDQHQHUJ\V\VWHPDQGSODQDVXVWDLQDEOH
HQHUJ\VFHQDULR
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6FHQDULRVDQGUHVXOWV
3.1. Heat mapping for the city of Osijek 
'XH WR WKH ODFNRISXEOLFDOO\DYDLODEOHGDWD WKHPDSSLQJSURFHVVZDVKDQGOHGPDQXDOO\ LQ VRPHDVSHFWV7KH
ORFDWLRQVDQGDUHDLQVTXDUHPHWHUVRIWKHEXLOGLQJVLQWKHFLW\ZHUHREWDLQHGIURPWKHRQOLQHFDGDVWHU*HRSRUWDO>@
%DVHGRQ WKHDYDLODEOHGDWD DPDWUL[ZLWK WKH ORFDWLRQVRI HYHU\ VWUXFWXUH DQG LWV DUHD LQPZDV FUHDWHGZLWK D
UHVROXWLRQRIDSSUR[LPDWHO\E\PHWHUV$IWHUWKDWWKHPDWUL[ZDVYLVXDOL]HGDVDEODFNDQGZKLWHSUHVHQWDWLRQRI
WKHFLW\DQGWKHEXLOGLQJVZHUHPDUNHGILUVWEDVHGRQWKHQXPEHURIIORRUVWKH\KDGDQGWKHQGLYLGHGLQWRRQHRIVL[
FDWHJRULHVZLWKDQDSSURSULDWHVSHFLILFXVHIXOKHDWLQJGHPDQGSHUVTXDUHPHWHU

x 2OGKRXVHíN:KPDQQXDOO\
x 1HZKRXVH±N:KPDQQXDOO\
x 2OGDSDUWPHQWEORFN±N:KPDQQXDOO\
x 1HZDSDUWPHQWEORFN±N:KPDQQXDOO\
x ,QGXVWULDOIDFLOLW\±N:KPDQQXDOO\
x 6N\VFUDSHU±N:KPDQQXDOO\


)LJ+HDWPDSSLQJRIWKHFLW\RI2VLMHN
7KHSUHVXPHGYDOXHVIRUWKHLQGLYLGXDOEXLOGLQJW\SHVZHUHXVHGEDVHGRQGDWDREWDLQHGIURPHQHUJ\DXGLWVDQG
H[SHUWNQRZOHGJH7KHH[LVWHQFHRIDEXLOGLQJFHQVXVZRXOGVLPSOLI\WKHZKROHSURFHVVJUHDWO\DQGZRXOGHQVXUHWKDW
WKHHQGUHVXOWLVPRUHSUHFLVH8QIRUWXQDWHO\VXFKEXLOGLQJFHQVXVGDWDLVQRWDYDLODEOHIRU&URDWLD)LJXUHSUHVHQWV
WKHGHYHORSPHQWSURFHVVRI WKHKHDWPDSDQGWKHILQDOUHVXOW7KHILUVWILJXUHRQWKHULJKWGHPRQVWUDWHV WKHLQLWLDO
PDWUL[UHSUHVHQWLQJWKHORFDWLRQVDQGDUHDVLQVTXDUHPHWHUVRIWKHEXLOGLQJVZLWKLQWKHFLW\7KHWZRILJXUHVRQWKH
ULJKWGHPRQVWUDWHWKHDGGLWLRQRIWKHLQIRUPDWLRQUHODWHGWRWKHQXPEHURIIORRUVDQGWKHW\SHRIEXLOGLQJVZKLOHWKH
ILQDOILJXUHWKHRQHRQWKHERWWRPSUHVHQWVWKHILQDOKHDWPDS
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,QIXWXUHZRUNWKHKHDWPDSVZLOOEHFDOLEUDWHGXVLQJDYDLODEOHGDWDDQGXWLOL]HGWRGHWHUPLQHWKHDFWXDOSRWHQWLDO
IRUWKHXWLOL]DWLRQRI'+V\VWHPV
3.2. Energy planning 
,QRUGHUWRDQDO\VHWKHLPSDFW'+V\VWHPVDQGSRZHUWRKHDWWHFKQRORJLHVKDYHRQDQHQHUJ\V\VWHPDVDZKROH
WKHHQHUJ\V\VWHPRIWKHFLW\RI2VLMHNZDVUHFUHDWHGXVLQJWKH(QHUJ\3/$1WRRO7KHHQHUJ\GHPDQGRIWKHLQGLYLGXDO
VHFWRUVDQGWKHFXUUHQWVKDUHRIWKH'+V\VWHPVZHUHWDNHQIURPWKHFLW\¶V6XVWDLQDEOH(QHUJ\$FWLRQ3ODQ>@7KH
LQVWDOOHGSRZHURIWKH'+SODQWZDVREWDLQHGIURPWKHRIILFLDOZHEVLWHRIWKHRSHUDWRU>@7KHKRXUO\HOHFWULFLW\
ORDGKDVEHHQWDNHQIURPWKHZHEVLWHRIWKH(XURSHDQ1HWZRUNRI7UDQVPLVVLRQ6\VWHP2SHUDWRUVIRU(OHFWULFLW\
>@0HWHRURORJLFDOGDWD LQFOXGLQJJOREDO LQVRODWLRQDQGZLQGVSHHGVKDYHEHHQWDNHQIURP0HWHRQRUP>@DQG
XVHGWRFDOFXODWHWKHKRXUO\SURGXFWLRQIURPZLQGSRZHUDQG39
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7KHLOOXVWUDWLRQVLQ)LJXUHSUHVHQWWKH&ULWLFDO([FHVVRI(OHFWULFLW\3URGXFWLRQV&((3LQVFHQDULRVZLWKDKLJK
SHQHWUDWLRQRI39RQWKHULJKWDQGZLQGRQWKHOHIW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0:DQGQRKHDWVWRUDJHRUKHDWSXPSV7KHVHFRQGVFHQDULR+3+6LVWKHUHIHUHQFHFDVHZLWKDQDGGLWLRQRI
D KHDW VWRUDJH V\VWHP DQG KHDW SXPSV WKDW VKRXOG XWLOL]H&((3 DQG DOVR UHSODFH WKH&+3XQLWV LQ WLPHV RI ORZ
HOHFWULFLW\GHPDQG,QWKHILQDOVFHQDULR'+WKHGLVWULFWKHDWLQJGHPDQGZDVLQFUHDVHGE\DQGWKHKHDWSXPSV
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ORRNDWZLQGSHQHWUDWLRQHTXDOLQJRIWKHWRWDOHOHFWULFLW\GHPDQGWKHVKDUHRI&((3LVRIWKHWRWDO
HOHFWULFLW\ GHPDQG LQ WKH UHIHUHQFH VFHQDULR DQG  LQ WKH+3+6 VFHQDULR7KH LQFUHDVHG'+GHPDQG LQ
FRPELQDWLRQZLWKWKHKHDWSXPSVDQGVWRUDJHUHGXFHVWKLVQXPEHUIXUWKHUWR$VLPLODUWUHQGFDQEHREVHUYHG
IRU39,IZHDJDLQWDNHDVKDUHRIIRU39SRZHU&((3HTXDOVDQGIRUWKHUHIHUHQFH
+3+6DQGWKH'+VFHQDULRV
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